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(57) ABSTRACT

A semiconductor laser diode comprises: an n-type GaAs
substrate; and a first laser diode structure having a first
n-type cladding layer, a first active layer including a quan-
tum well layer, a first p-type cladding layer on the first active
layer, a p-type signal layer on the first p-type cladding layer
and which has the same constituent elements as those of the
first p-type cladding layer, and a p-type ridge waveguide 1n
a stripe mesa-like shape on the signal layer, which has the
same constituent elements as those of the signal layer, and
in which composition ratios of two constituent elements 1n
a complementary relation of constituent elements are dii-
ferent from those composition ratios of the signal layer.

7 Claims, 3 Drawing Sheets
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SEMICONDUCTOR LASER DEVICE AND
METHOD OF MANUFACTURING THE SAMEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor laser
device and a method of manufacturing the same, and more
particularly to a semiconductor laser device for use in
information electronic apparatuses, and a method of manu-
facturing the same.

2. Description of the Related Art

In recent years, a DVD device has increased in demand as
one of high-speed and large-capacity storage devices. The
DVD device includes therein a DVD-R/RW device and a
CD-R/RW device mn a hybrid form. Therefore, the DVD
device uses two kinds of semiconductor lasers, 1.e., a semi-
conductor laser (a laser diode having an emission wave-
length of about 630 nm (heremnafter, the laser diode 1is
referred to as “an LD”) for the DVD device, and a semi-
conductor laser (an LD having an emission wavelength of
about 780 nm) for the CD device.

A monolithic two-wavelength semiconductor diode (here-
inafter referred to as a monolithic two-wavelength L.D) has
been developed. In the monolithic two-wavelength LD, such
two semiconductor lasers for emitting laser beams having
two wavelengths are not formed by forming a plurality of
single semiconductor lasers for emitting laser beams having
respective specific wavelengths to assemble them, but
mounted on the same substrate on one chip. Thus, the
alignment for the emission point positions of the semicon-
ductor lasers for emitting laser beams having different
emission wavelengths can be precisely performed. Also, 1t 1s
possible to reduce the number of components or parts of an
optical system.

A method of manufacturing the monolithic two-wave-
length LD will hereinafter be schematically described.

Firstly, an n-type AlGalnP cladding layer (heremafter

“n-type”, “p-type”, and a conductivity type free from the
added impurity are represented by “n-", “p-7, and “1-”,
respectively),a multiple quantum well (heremafter referred
to as “an MQW?”) active layer including a barrier layer and
a well layer, are epitaxially grown on an n-GaAs substrate by
using the MOCVD method or MBF method. Then, a first
p-AlGalnP cladding layer, a first etching stop layer (here-
mafter “an etching stop layers ™ is referred to as “an ESL
layer”) made of Ga, .,In, ,,P for example, and a second
p-AlGalnP cladding layer are successively laminated on the
MQW active layer through the epitaxial growth by using the
MOCVD method or MBF method. Thereafter, a stripe-like
resist pattern 1s formed so as to cover the second p-AlGalnP
cladding layer. Then, the n-AlGalnP cladding layer, the
MQW active layer, the first p-AlGalnP cladding layer, the
first ESL layer, and the second p-AlGalnP cladding layer are
selectively etched away until the n-GaAs substrate 1s
exposed with the stripe-like resist pattern used as an etching
mask. As a result, the n-AlGalnP cladding layer, the MQW
active layer, the first p-AlGalnP cladding layer, the first ESL
layer, and the second p-AlGalnP cladding layer are left in the
form of a first mesa-like lamination structure. The first
mesa-like lamination structure forms a semiconductor laser
for a CD device.

Next, the resist pattern left on the surface of the first
mesa-like lamination structure 1s removed. Thus, an n-Al-
GalnP cladding layer, an MQW active layer, a first p-Al-
GalnP cladding layer, a second ESL layer made of
(Al Gags)os; Ing 40P, and a second p-AlGalnP cladding
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layer are successively formed on the GaAs substrate includ-
ing the first mesa-like lamination structure. Thereafter, a
stripe-like resist pattern 1s formed so as to cover the second
p-AlGalnP cladding layer adjacent to the first mesa-like
lamination structure. Then, the n-AlGalnP cladding layer,
the MQW active layer, the first p-AlGalnP cladding layer,
the second ESL layer, and the second p-AlGalnP cladding
layer are selectively etched away until the second p-AlGalnP
cladding layer of the first mesa-like lamination structure 1s
exposed with the resist pattern used as an etching mask. As
a result, the n-AlGalnP cladding layer, the MQW active
layer, the first p-AlGalnP cladding layer, the second ESL
layer, and the second p-AlGalnP cladding layer are left in the
form of a second mesa-like lamination structure. The second
mesa-like lamination structure thus formed forms a semi-
conductor laser for a DVD device.

Next, a resist pattern for formation of ridge waveguides 1s
formed on the surfaces of the second p-AlGalnP cladding
layers of the first and second mesa-like lamination struc-
tures. The dry etching 1s individually performed until the
etchuing 1s stopped at each of the first and second ESL layers
with the resist pattern used as an etching mask. Thus, ridge
waveguides are formed in the first and second mesa-like
lamination structures, respectively.

Alternatively, instead of forming the first and second ESL
layers 1in the first and second mesa-like lamination struc-
tures, respectively, a resist pattern for formation of the ridge
waveguides are formed on the surfaces of the second p-Al-
GalnP cladding layers of the first and second mesa-like
lamination structures, respectively. Then, the dry etching i1s
performed with the resist pattern used as an etching mask,
and stopped 1n accordance with time control, thereby form-
ing the ridge waveguides.

The controllability for the processing for the ridge
waveguide exerts an influence on the size precision of the
ctching depth of the formed ndge waveguide. The size
precision of the ridge waveguide exerts a large influence on
an FFPx (“an FFP” 1s an abbreviation of “a Far Field
Pattern™) as a transverse spreading angle of a laser beam,
and thus exerts a large influence on the emission character-
istics of the laser element. Hence, this etching process 1s an
important process. Consequently, during the processing of
the ndge waveguide, the controllability for the etching 1s
enhanced by providing an etching stopper layer in the
epitaxial growth layer.

Examples of the monolithic two-wavelength LD having
the etching stopper layer formed in the epitaxial growth
layer are described as below. That 1s to say, there 1s known
a two-wavelength laser device having a first laser diode and
a second laser diode. In this case, the first laser diode having
an emission wavelength of 780 nm includes a first p-type
cladding layer made of Al, ,Ga, (As, a p-type etching stop
layer which 1s made of GalnP and which 1s laminated on the
first p-type cladding layer, and a second p-type rnidge-like
cladding layer which 1s made of Al, ,Ga, (As and which 1s
formed on the p-type etching stop layer. Also, the second
laser diode having an emission wavelength of 650 nm
includes a first p-type cladding layer made of (Al -Gag 3), <
In, P, a p-type etching stop layer which 1s made of GalnP
and which 1s laminated on the first p-type cladding layer, and
a second p-type rnidge-like cladding layer which 1s made of
(Al, -Gag 3), <In, <P and which 1s formed on the p-type
ctching stop layer. In addition, there 1s known a two-
wavelength laser device in which each of the etching stop
layers of the first and second laser diodes of the two-
wavelength laser diode described above 1s made of AlGaAs.
These two-wavelength laser diodes, for example, are dis-
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closed 1 Japanese Patent Laid-open No. 2002-261397
(paragraphs [0043], [0045] and [0066], and FIGS. 1 and 7).

In addition, there 1s known a technique relating to mesa
ctching 1n forming a stripe (mesa portion) of a compound
semiconductor layer including an active layer in manufac-
ture of a semiconductor laser element. In the semiconductor

laser element to which the technique described above
relates, an etching end point detecting layer made of GaAlAs
1s formed on an n-GaAs substrate. Also, an 1solation layer
made of an n-type GaAs, an n-type cladding layer made of
GaAlAs, an active layer made of GaAlAs, a p-type cladding
layer made of GaAlAs, and a cap layer made of GaAs are
successively formed on the etching end point detecting
layer. Then, the dry etching 1s performed with a stripe-like
insulating film formed on the cap layer used as an etching
mask. Al which 1s exposed at a time point when the etching
end point detecting layer 1s etched away 1s detected 1n the
form of an emission spectrum, thereby stopping the dry
ctching. As a result, this method makes 1t possible to etch the
mesa portion with higher precision in processing size than
the time management 1s performed during the etching. This
technique, for example, 1s disclosed 1n Japanese Patent
Laid-open No. Shou 64-73726 (a top left column and a top
right column of page 109).

A method of stopping etching when the etching for the
ridge waveguide 1s performed 1s normally as below. That 1s
to say, the ESL laver 1s provided 1n the epitaxial growth layer
in order to stop the etching by using the chemical property
of the wet etching liquid. Alternatively, the time control 1s
performed through the dry etching.

However, when the time control 1s performed during the
dry etching, the precision of the etching depth 1s insuflicient.

In addition, the ESL layer used when the wet etching 1s
performed 1s largely different 1n material constitution from
the layer to be etched. For this reason, when the ESL layer
1s left in the semiconductor laser element, the electrical and
optical characteristics of the semiconductor laser element
may be impaired depending on the circumstances.

In particular, in the case of the monolithic two-wave-
length LD, when the ESL layer 1s left in the LD for the DVD
device, the oscillation efliciency 1s reduced due to the light
absorption, which may become one of causes of impeding
the high output promotion.

In addition, even in the case where the etching end
detecting layer 1s provided 1n order to stop the dry etching
during dry etching process, when the etching end detecting
layer 1s left 1n the semiconductor laser element, the electrical
and optical characteristics of the semiconductor laser ele-
ments may be impaired under certain circumstances. For this
reason, 1t 1s necessary to adopt a structure such that even it
left 1n the semiconductor laser element, the etching end
detecting layer has no influence on the electrical and optical
characteristics of the semiconductor laser diode as much as
possible.

In addition, even 11 the etching end detecting layer 1s used,
in particular, in the case of the monolithic two-wavelength
L.D, when the etching end point detecting layer 1s left in the
LD for the DVD device, the oscillation efliciency 1s reduced
due to the light absorption, which causes an impediment 1n
the high output promotion.

SUMMARY OF THE INVENTION

The present mnvention has been made 1n order to solve the
above-mentioned problems, and 1t 1s a first object of the
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present invention to construct a high-efliciency and high-
output semiconductor laser device having excellent emis-
sion characteristics.

It 1s a second object of the present invention to provide a
manufacturing method which 1s capable of manufacturing a
high-efliciency and high-output semiconductor laser device
having excellent emission characteristics through simple
Processes.

It 1s a third object of the present invention to provide a
manufacturing method which 1s capable of manufacturing a
high-efliciency and high-output monolithic multi-wave-
length laser having excellent emission characteristics
through simple processes.

According to one aspect of the mvention, there is pro-
vided a semiconductor laser device according to the present
invention comprises: a substrate of a first conductivity type;
and a first semiconductor laser structure located on the
substrate comprising, first first cladding layer of the first
conductivity type formed on the substrate, first active layer
located on the first first cladding layer, and including a
quantum well layer, a first second cladding layer of a second
conductivity type located on the first active layer, an etching
end detecting layer of the second conductivity type located
on the first second cladding layer, and having the same
constituent elements as those of the first second cladding
layer, and a first third cladding layer of the second conduc-
tivity type 1n a stripe mesa-like shape located on the etching
end detecting layer, having the same constituent elements as
those of the etching end detecting layer, and having com-
position ratios of two constituent elements 1n a complemen-
tary relation being diflerent from those composition ratios of
the etching end detecting layer.

Accordingly, 1n the semiconductor laser device according
to the present invention, the etching depth of the first third
cladding layer for which the etching 1s stopped by using the
etching end detecting layer has the desired size precision, the
laser beam has less dispersion of the transverse spreading
angle, and the emission characteristics are excellent.

In addition, the etching end detecting layer has the same
constituent elements as those of the first third cladding layer.
Hence, the matenal constitution of the etching end detecting
layer can be made close to that of the first third cladding
layer. Moreover, the etching end detecting layer 1s made of
the material 1n which the composition ratios of two con-
stituent elements, of them, 1n a complementary relation are
different from those of the first third cladding layer. There-
fore, the precision of detecting the etching end can be
enhanced, and the etching end detecting layer can be
thinned. For this reason, even when the etching end detect-
ing layer 1s left 1n the first semiconductor laser structure, 1t
1s possible to suppress the reduction of the oscillation
elliciency due to the light absorption.

In its turn, 1t 1s possible to structure a high-efliciency and
high-output semiconductor laser device having the excellent
emission characteristics.

According to another aspect of the invention, there is
provided a method of manufacturing the semiconductor
laser diode according to the present invention includes:
forming successively on a substrate of a first conductivity
type, a first first cladding layer of the first conductivity type,
a first active layer including a quantum well layer, a first
second cladding layer of a second conductivity type, an
etching end detecting layer of the second conductivity type
having the same constituent elements as those of the first
second cladding layer, and a first third cladding layer of the
second conductivity type having the same constituent ele-
ments as those of the etching end detecting layer, and having
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composition ratios of two constituent elements 1n a comple-
mentary relation being different from those composition
ratios of the etching end detecting layer; applying a resist on
a surface of the first third cladding layer, forming a resist
pattern having the stripe-like resist portion on a part of the
surface of the first third cladding layer to be left as a first
semiconductor laser lamination, etching with the resist pat-
tern used as an etching mask until the substrate 1s exposed,
and removing the resist pattern to form the first semicon-
ductor laser lamination; and forming a resist pattern having
a stripe-like resist portion corresponding to a ridge
waveguide on a surface of the first semiconductor laser
lamination, and etching the first semiconductor laser lami-
nation with the resist pattern used as an etching mask to form
the ridge waveguide until a difference 1s detected in 1intensity
ol an emission spectrum of a constituent element with which
composition ratios in the first third cladding layer and the
ctching end detecting layer of the first semiconductor laser
lamination are different from each other.

Accordingly, 1n the method of manufacturing the semi-
conductor laser diode according to the present invention, the
ctching end detecting layer 1s made of the material which has
the same constituent elements as those of the material of the
first third cladding layer, and 1n which the composition ratios
of the two constituent elements, of them, in the complemen-
tary relation are different from those of the constituent
clements of the first third cladding layer.

Hence, when the first third cladding layer 1s etched away
in the stripe mesa-like shape, the etching for the first third
cladding layer can be precisely stopped based on the detec-
tion of the constituent elements having the different com-
position ratios. Thus, it 1s possible to form the first third
cladding layer which has the less dispersion in the etching
depth. For this reason, it i1s possible to manufacture the
semiconductor laser device having the excellent emission
characteristics through the simple processes.

In addition, since the etching end position of the first third
cladding layer can be precisely detected, the material con-
stitution of the etching end detecting layer can be made close
to that of the first third cladding layer, and the etching end
detecting layer can also be thinned. For this reason, even
when the etching end detecting layer 1s left in the first
semiconductor laser structure, 1t 1s possible to suppress the
reduction of the oscillation ethiciency due to the light absorp-
tion.

In its turn, 1t 1s possible to readily manufacture a high-
elliciency and high-output semiconductor laser diode having
the excellent emission characteristics through the simple
processes.

According to further another aspect of the invention, there
1s provided a method of manufacturing the semiconductor
laser diode according to the present invention includes:
forming successively on a substrate of a first conductivity
type, a first first cladding layer of the first conductivity type,
a first active layer including a quantum well layer, a first
second cladding layer of a second conductivity type, an
etching end detecting layer of the second conductivity type
having the same constituent elements as those of the first
second cladding layer, and a first third cladding layer of the
second conductivity type having the same constituent ele-
ments as those of the etching end detecting layer, and having,
composition ratios of two constituent elements 1n a comple-
mentary relation being different from those composition
ratios of the etching end detecting layer; applying a resist on
a surface of the first third cladding layer, forming a resist
pattern having the stripe-like resist portion on a part of the
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semiconductor laser lamination, etching with the resist pat-
tern used as an etching mask until the substrate 1s exposed,
and removing the resist pattern to form the first semicon-
ductor laser lamination; forming successively on the
exposed substrate, a second first cladding layer of the first
conductivity type, a second active layer including a quantum
well layer, and a second second cladding layer of the second
conductivity type having the same material constitution as
that of the first third cladding layer; applying a resist on a
surface of the second second cladding layer, forming a resist
pattern having a resist portion on a part of the surface of the
second second cladding layer to be left as a second semi-
conductor laser lamination adjacent to said first semicon-
ductor laser lamination, etching with the resist pattern used
as an etching mask to form the second semiconductor laser
lamination until the first third cladding layer of the first laser
lamination 1s exposed, and removing the resist pattern leit on
the surface of the second semiconductor laser lamination;
and forming a resist pattern having the stripe-like resist
portions corresponding to ridge waveguides to be formed on
the surfaces of the first and second semiconductor laser
laminations, and etching the first and second semiconductor
laser laminations with the resist pattern used as an etching
mask through the same process to form the respective ridge
waveguides until a difference 1s detected 1n intensity of an
emission spectrum of a constituent element with which
composition ratios in the first third cladding layer and the
etching end detecting layer of the first semiconductor laser
lamination are different from each other.

Accordingly, 1n the method of manufacturing the semi-
conductor laser diode according to the present invention, the
ctching for the first third cladding layer of the first semi-
conductor laser lamination, and the etching for the second
second cladding layer of the second semiconductor laser
lamination can be performed through the same process.
Also, the etchung depths of the first third cladding layer and
the second second cladding layer can be precisely controlled
through such a simple process as to precisely stop the
etching for the first third cladding layer and the etching for
the second second cladding layer based on the etching end
detecting layer of the first semiconductor laser lamination.

Therefore, the respective semiconductor laser structures
emit the laser beams each having the desired transverse
spreading angle, thereby showing the excellent emission
characteristics. Also, the semiconductor laser structure
includes no etching end detecting layer. As a result, it 1s
possible to manufacture a high-efliciency and high-output
monolithic multi-wavelength laser diode which has the
high-efliciency and high-output as a whole, and which has
the less dispersion in products, through a simple process.

Other objects and advantages of the invention waill
become apparent from the detailed description given here-
inafter. It should be understood, however, that the detailed
description and specific embodiments are given by way of
illustration only since various changes and modifications
within the scope of the mvention will become apparent to
those skilled 1n the art from this detailed description.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a cross-sectional view of a semiconductor laser
according to one embodiment of the present invention.

FIG. 2 1s a schematic diagram of a dry etching system for
the semiconductor laser according to the present invention.

FIGS. 3, 4 and 3 are respectively cross-sectional views of
the semiconductor laser in respective processes ol the
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method of manufacturing the semiconductor laser according,
to one embodiment of the present invention.

FIG. 6 1s a cross-sectional view of a semiconductor laser
according to one embodiment of the present invention.

FIGS. 7, 8,9 and 10 are respectively cross sectional views
of the semiconductor laser in processes of a method of
manufacturing the semiconductor laser according to one
embodiment of the present invention.

In all figures, the substantially same elements are given
the same reference numbers.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 1s a cross-sectional view of a semiconductor laser
according to one embodiment of the present invention. In the
tollowing figures, the same reference numerals designate the
same or corresponding constituent elements.

In FIG. 1, a semiconductor laser 10 1s a ndge waveguide
type LD having an emission wavelength of a 780 nm band.
The semiconductor laser 10 1s constituted by an n-GaAs
substrate 12 used as a substrate of a first conductivity type,
and a first LD structure 14 having an emission wavelength
of a 780 nm band used as a {irst semiconductor structure.

The first LD structure 14 includes a first n-type cladding
layer 16 used as a first first cladding layer, a first active layer
18 used as a first active layer, a first p-type cladding layer 20
used as a first second cladding layer, a signal layer 22 used
as an etching end detecting layer, and a ridge waveguide 24
used as a stripe ridge-like first third cladding layer which are
formed on the n-GaAs substrate 12 1n this order. In this
connection, the first n-type cladding layer 16 has a layer
thickness of 3 um for example and 1s made of n-(Al, .
(Gag 5)g 510 40P The first active layer 18 has a layer thick-
ness of 50 nm, includes a quantum well layer which 1s made
of In Ga,_ As, and 1s adjusted 1n emission wavelength to 780
nm. The first p-type cladding layer 20 1s made of
p-(Al, Ga, <), 5110, 40P Tor example. The signal layer 22
has a layer thickness of 30 nm and 1s made of p-(Al, ;4
Ga, ), 5110, 40P, for example. Also, the ridge waveguide 24
has a layer thickness of 1.5 um for example and 1s made of
p-(Al, Ga, <), 5,10, 40P, for example.

The first p-type cladding layer 20, the signal layer 22 and
the ridge waveguide 24 have the same material constitution,
but composition ratios of elements (Al and Ga 1n this case)
showing a mutually complementary relation differ from one
another. In the first embodiment, for example, a constitution
of the first p-type cladding layer 20 1s expressed by
p-(Al,,Ga,_ ), In,_, P. A constitution of the signal layer 22
1s expressed by p-(Al,Ga,_,),.In,_,P. Also, a constitution
of the ndge waveguide 24 1s expressed by p-(Al 4
Ga,_,3),5In,_3P. In the semiconductor laser 10, x1=x3 and
y1=y3.

The composition ratios of Al and Ga of these material
constitutions show the complementary relation. In the first
embodiment, the composition ratio of Ga of the signal layer
22 1s larger than that of Ga of the ridge waveguide 24. Thus,
(1-x2)-(1-x3)>about 0.2 1s established. As a result,
x3—x2>about 0.2 1s established. Thus, 1t 1s 1mportant for
detection of the end point during the dry etching for the ridge
waveguide 24 that the composition ratio of Al decreases as
the composition ratio of Ga increases.

A p-electrode 26 and an n-electrode 28 are formed on a
surface of the ridge waveguide 24 and a back surface of the
n-GaAs substrate 12, respectively.
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Next, a method of manufacturing the semiconductor laser
10 will be described.

FIG. 2 1s a schematic diagram of a dry etching system for
the semiconductor laser according to the present invention.

The dry etching method may adopt either an ECR system
or an ICP system. In this case, the dry etching using the ICP
system will now be described.

In FIG. 2, a reaction chamber 36 of a dry etching system
34 includes a supply port 38 for etching gas, and an exhaust
port 40 for the etching gas. The etching gas 1s supplied nto
the reaction chamber 36 (an arrow 1n the supply port 38
indicates mflow of the etching gas) through the supply port
38. The etching gas after completion of the processing 1s
exhausted to the outside through the exhaust port 40 by a
vacuum exhauster (not shown) (an arrow in the exhaust port
40 1ndicates outflow of the etching gas).

A stage 42 1s provided 1n a central portion of the reaction
chamber 36, and a waler 44 to be etched 1s placed on the
stage 42. An FR power source 46 1s connected between the
stage 42 and a grounding end, and serves to apply a
high-frequency voltage to the stage 42.

A bell jar 47 1s provided above the stage 42. An inductor
coupled plasma (ICP) coil 48 1s wound round the belljar 47.
The RF power source 50 1s connected to the ICP coil 48. The
RF power source 50 applies a high-frequency voltage to the
ICP coil 48, thereby generating highly dense plasma inside
the reaction chamber 36.

The reaction chamber 36 1s also provided with an obser-
vation window 52. A light receiving portion 53 1s installed
in the observation window 52, and serves to detect light
emission from the plasma during the dry etching. A plasma
emission monitoring system 36 takes therein the light, from
the plasma, which 1s detected by the light receiving portion
53 through an optical fiber 54. When the plasma emission
monitoring system 56 detects an emission seed of the signal
layer 22 which 1s previously set, the dry etching made by the
dry etching system 34 is stopped 1n accordance with a signal
from the plasma emission monitoring system 56.

FIGS. 3, 4 and 5 are respectively cross-sectional views of
the semiconductor laser in respective processes of the
method of manufacturing the semiconductor laser according
to one embodiment of the present invention.

As shown i FIG. 3, firstly, an n-(Al, ;Ga, ), 5,10, 40P
layer as the first n-type cladding layer 16, the first active
layer 18 including a quantum well layer made of In Ga, _ As,
a p-(Al, sGa, <) 510, 40P layer as the first p-type cladding
layer 20, a p-(Al, ;Ga, 5), 510, 4oP layer as the signal layer
22, and a p-(Al, Ga, <) 5110, 40P layer for formation of the
ridge waveguide 24 are successively laminated on the
n-GaAs substrate 12 through the epitaxial growth by using

the MOCVD method or MBE method.

Next, as shown 1n FIG. 4, a resist 1s applied to the surface
of the p-(Al, ;Ga, <), 5;In, 40P layer for formation of the
ridge waveguide 24. Then, a resist pattern 60 having a
stripe-like resist portion 1s formed 1n a portion, in which the
first LD structure 14 i1s to be formed, of the surface of the
p-(Al, -Ga, <), 5,10, 40P layer through the photolithography
process. Next, the dry etching 1s performed until the n-GaAs
substrate 12 1s exposed with the resist pattern 60 used as an
ctching mask to form a first mesa-like lamination structure
62 used as a first semiconductor lamination. The first mesa-
like structure 62 includes the n-(Al, .Ga, <), 5,10, 0P layer
as the first n-type cladding layer 16, the first active layer 18
including the quantum well layer made of In Ga,_ As, the
p-(Al, <Ga, <), 5;In, 4P layer as the first p-type cladding
layer 20, the p-(Al, ;Ga, -), <10, 1oP layer as the signal
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layer 22, and the p-(Al, -Ga, <)y s;In, .oP layer for forma-
tion of the ndge waveguide 24.

Next, as shown 1n FIG. 5, the resist pattern 60 left on the
surface of the first mesa-like lamination structure 62 1s
removed, and a resist 1s applied to the n-GaAs substrate 12
including the first mesa-like lamination structure 62 again.
Next, a resist pattern 64, for formation of the rnidge
waveguide 24, having a stripe-like resist portion 1s formed
on the surface of the p-(Al, :Ga, <), 5,10, .oP layer used as
the uppermost layer of the first mesa-like lamination struc-
ture 62 through the photolithography process. Then, the
ctching 1s continuously performed until the etching of the
signal layer 22 1s clearly observed with the resist pattern 64
used as an etching mask. At a time point when the etching,
of the signal layer 22 1s clearly observed, the etching 1is
stopped. Thereafter, the resist pattern 64 1s removed. As a
result, the p-electrode 26 and the n-electrode 28 are formed
on the surface of the rnidge waveguide 24 and the back
surface of the n-GaAs substrate 12, respectively. As a result,
the semiconductor laser 10 1s formed.

A ridge forming process for forming the ridge waveguide
24 will now be further described.

The p-(Al, Ga, ), 5,In, ,oP layer as the first p-type clad-
ding layer 20, and the p-(Al, Ga, <)y 5,105 40P layer for
formation of the ridge waveguide 24 are made of the
materials which have the same material composition and
have the same composition ratios. The p-(Al, ;Ga, -)q 54
In, ,oP layer as the signal layer 22 has the same material
composition as that of each of the materials of which the first
p-type cladding layer 20 and the ridge waveguide 24 are
made, respectively. However, the p-(Al, ;Ga, -)g <10, 40P
layer 1s different 1n composition ratios of Al and Ga as the
two elements 1n a complementary relation from the first
p-type cladding layer 20 and the ndge waveguide 24. That
1s to say, the material of which the signal layer 22 1s made
1s larger 1n composition ratio of Ga than each of those of
which the first p-type cladding layer 20 and the rnidge
waveguide 24 are made, respectively, and 1s smaller in
composition ratio of Al than each of those of which the first
p-type cladding layer 20 and the ndge waveguide 24 are
made, respectively.

The resist pattern 64 1s formed on the surface of the
p-(Al, <Ga, <)y sIn, 4oP layer for formation of the ridge
waveguide 24 of the first mesa-like lamination structure 62
thus structured. Then, the dry etching 1s performed with the
resist pattern 64 used as an etching mask by using the dry
ctching system 34 as shown 1n FIG. 3. As a result, the light
receiving portion 33 detects the light emission from the
plasma during the dry etching through the observation
window 52. The plasma light emission monitoring system
56 takes therein the mformation on the light emission thus
detected. When the mtensity of the emission spectrum of Ga
during the dry etching increases, 1t 1s possible to judge that
the dry etching reaches the signal layer 22. Hence, the
plasma light emission monitoring system 56 sends a signal
for stop of the dry etching to the dry etching system 34.

The light emitting element and emission spectrum which
are suitable for detecting the etching end out of the light
emission from the plasma to be taken in are previously
selected 1n the plasma light emission monitoring system 56.
It becomes 1mportant for the selection of the light emitting
clement and emission spectrum that the specified emission
spectrum does not overlap any of other emission spectra, and
the emaission intensity change can be obtained which 1s
enough to precisely judge the desired etching end position.

Moreover, 1t 1s important that the signal layer 22 left
between the ridge waveguide 24 and the first p-type cladding,
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layer 20 does not cause the large reduction of the emission
characteristics and electrical characteristics of the semicon-
ductor laser 10.

In consideration of these conditions, 1n the semiconductor
laser 10, the first p-type cladding layer 20 and the ridge
waveguide 24 are made ol the same material, and this
material has the same material composition as that of the
material of which the signal layer 22 1s made. In spite of this,
the composition ratios of Al and Ga as the two elements in
a complementary relation are made slightly different from
each other. Thus, the reduction 1n the emission characteris-
tics and electrical characteristics 1s suppressed as much as
possible.

During the etching for forming the ridge waveguide 24,
the spectra of Ga, In and Al having strong intensities were
observed 1n the wavelength of about 400 nm. As a result, 1n
this case, the emission spectra from Ga are used for the
specification. Of them, the emission spectrum of Ga having
the wavelength o1417.2 nm 1s selected as the wavelength for
the etching end detection.

In the case of the material of which the ndge wavegude
24 1s made and the material of which the signal layer 22 1s
made, the material of which the ridge waveguide 24 1s made
has the composition ratio, 0.5, of Al, and the composition
ratio, 0.5, of Ga, whereas the material of which the signal
layer 22 1s made has the composition ratio, 0.3, of Al, and
the composition ratio, 0.7, of Ga. For this reason, the 417.2
nm-emission spectrum of Ga 1s observed with the plasma
light emission monitoring system 56, and 1t 1s confirmed that
the intensity of this emission spectrum becomes surely
strong, thereby judging that the etching reaches the signal
layer 22. As a result, the plasma light emission monitoring
system 56 sends the etching stop signal to the dry etching
system 34.

The following point 1s taken 1nto consideration as a device
for more sharply grasping a change in spectrum intensity
between the the material of which the ridge waveguide 24 1s
made and the material of which the signal layer 22 1s made.

That 1s to say, a decrease 1n spectrum intensity of Al
following a decrease 1n composition ratio of Al from 0.5 to
0.3 1s also taken into consideration without depending on
only an increase in spectrum intensity of Ga due to an
increase of the composition ratio of Ga from 0.5 to 0.7.
Then, an Al spectrum intensity ratio as a ratio of the Al
spectrum intensity of the material of which the signal layer
22 1s made to the Al spectrum intensity of the material of
which the ndge waveguide 24 1s made 1s obtained. Similarly
thereto, a Ga spectrum 1intensity ratio as a ratio of the Ga
spectrum intensity of the material of which the signal layer
22 1s made to the Ga spectrum intensity of the material of
which the ridge waveguide 24 1s made 1s obtained. Thus, the
ratio of the Ga spectrum intensity ratio to the Al spectrum
intensity ratio 1s obtained, thereby more sharply grasping a
change 1n composition ratio of Ga.

The composition ratios of the predetermined elements are
sharply grasped, whereby it 1s possible to further reduce a
difference in composition ratio between Ga and Al in the
material of which the ndge waveguide 24 1s made and the
material of which the signal layer 22 1s made. Thus, 1t 1s
possible to suppress the reduction 1n the emission charac-
teristics and electrical characteristics of the semiconductor
laser 10. In addition, the signal layer 22 can also be thinned.

At that, 1t 1s assumed that the film thickness of the etching
end detecting layer 1s set to e.g. 10 nm. For the composition
ratios of the two elements showing the mutually comple-
mentary relation in one material and the etching end detect-
ing layer, 1f an increase 1 composition ratio of one element
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by about 0.2 and a decrease in composition ratio of the other
clement by about 0.2 are obtained between the one material
and the material of the etching end detecting layer, the
progress of the etching from the one material to the etching

end detecting layer can be i1dentified during the etching by
detecting the emission spectrum as described above.

Consequently, 1mn the semiconductor laser 10 of the first
embodiment, the first p-type cladding layer 20 and the ridge
waveguide 24 are made of the same material. In addition, the
composition ratio of Al as one of the two elements in the
complementary relation 1s made smaller and the composi-
tion ratio of Ga as the other element 1s made larger in the
material of the signal layer 22 having the same matenal
component 1n comparison with that material. For this reason,
when etching 1s performed for the ridge waveguide, the size
precision of the etching depth 1s enhanced, the horizontal
spreading angle of the laser beam 1s adjusted to the desired
value, and the dispersion 1s less.

In addition thereto, the material constitution of the mate-
rial of which the signal layer 22 1s made can be made close
to that of each of the materials of which the first p-type
cladding layer 20 and the ridge waveguide 24 are made,
respectively, and the signal layer can also be thinned. Hence,
even when the signal layer 22 is left 1n the semiconductor
laser 10, the reduction of the emission efliciency due to the
light absorption can be suppressed as much as possible. In
its turn, 1t 1s possible to structure the semiconductor laser
having the excellent electrical and optical characteristics.

In addition, 1n the semiconductor laser 10, the first p-type
cladding layer 20 and the ridge waveguide 24 are made of
the same material, and the composition ratio of Al as one of
the two elements showing the complementary relation 1s
made small and the composition ratio of Ga as the other
clement 1s made large 1n the material of the signal layer 22
having the same material composition as that of that mate-
rial. Hence, while the dry etching 1s performed for the ridge
waveguide 24, a change 1n intensity of the emission spec-
trum of Ga can be precisely grasped, and thus the stop of the
ctching can be accurately performed. For this reason, includ-
ing the simple processes described above results 1n that the
ctching depth of the ndge waveguide 24 1s precisely con-
trolled, the size precision of the ndge waveguide 24 1s
enhanced, and the dispersion in the transverse spreading
angle ol the laser beam becomes less. In its turn, 1t 1s
possible to manufacture the semiconductor laser which 1s
excellent 1n the electrical and optical characteristics and
which 1s less in the dispersion in these characteristics
through the simple processes.

As described above, the semiconductor laser diode of the
present invention comprises: a substrate of a first conduc-
tivity type; and a first semiconductor laser structure located
on the substrate comprising, a first first cladding layer of the
first conductivity type formed on said substrate, a first active
layer located on the first first cladding layer, and including
a quantum well layer, a first second cladding layer of a
second conductivity type located on the first active layer, an
etching end detecting layer of the second conductivity type
located on the first second cladding layer, and having the
same constituent elements as those of the first second
cladding layer, and a first third cladding layer of the second
conductivity type 1n a stripe mesa-like shape located on the
ctching end detecting layer, having the same constituent
clements as those of the etching end detecting layer, and
having composition ratios of two constituent elements 1n a
complementary relation being different from those compo-
sition ratios of the etching end detecting layer.

10

15

20

25

30

35

40

45

50

55

60

65

12

With this structure, in the semiconductor laser device
according to the present invention, the etching depth of the
first third cladding layer for which the etching 1s stopped by
using the etching end detecting layer has the desired size
precision, the laser beam has less dispersion of the trans-
verse spreading angle, and the emission characteristics are
excellent. In addition, the etching end detecting layer has the
same constituent elements as those of the first third cladding
layer. Hence, the material constitution of the etching end
detecting layer can be made close to that of the first third
cladding layer. Also, the etching end detecting layer 1s made
of the material 1n which the composition ratios of two
constituent elements, of them, 1n a complementary relation
are diflerent from those of the first third cladding layer.

Hence, the precision of detecting the etching end can be
enhanced, and the etching end detecting layer can be
thinned. For this reason, even when the etching end detect-
ing layer 1s left 1 the first semiconductor laser structure, 1t
1s possible to suppress the reduction of the oscillation
clliciency due to the light absorption. In its turn, 1t 1s possible
to structure the high-ethiciency and high-output semiconduc-
tor laser device having the excellent emission characteris-
tics.

In addition, A method of manufacturing the semiconduc-
tor laser diode according to the present invention includes:
forming successively on a substrate of a first conductivity
type, a first first cladding layer of the first conductivity type,
a first active layer including a quantum well layer, a first
second cladding layer of a second conductivity type, an
ctching end detecting layer of the second conductivity type
having the same constituent elements as those of the first
second cladding layer, and a first third cladding layer of the
second conductivity type having the same constituent ele-
ments as those of the etching end detecting layer, and having
composition ratios of two constituent elements 1n a comple-
mentary relation being different from those composition
ratios of the etching end detecting layer; applying a resist on
a surface of the first third cladding layer, forming a resist
pattern having the stripe-like resist portion on a part of the
surface of the first third cladding layer to be left as a first
semiconductor laser lamination, etching with the resist pat-
tern used as an etching mask until the substrate 1s exposed,
and removing the resist pattern to form the first semicon-
ductor laser lamination; and forming a resist pattern having
a stripe-like resist portion corresponding to a ridge
waveguide on a surface of the first semiconductor laser
lamination, and etching the first semiconductor laser lami-
nation with the resist pattern used as an etching mask to form
the ndge waveguide until a difference 1s detected 1n 1intensity
of an emission spectrum of a constituent element with which
composition ratios in the first third cladding layer and the
etching end detecting layer of the first semiconductor laser
lamination are different from each other.

In the method of manufacturing the semiconductor laser
diode, the etching end detecting layer 1s made of the material
which has the same constituent elements as those of the
maternial of the first third cladding layer, and 1in which the
composition ratios of the two constituent elements, of them,
in the complementary relation are different from those of the
constituent elements of the first third cladding layer.

Hence, when the first third cladding layer 1s etched away
in the stripe mesa-like shape, the etching for the first third
cladding layer can be precisely stopped based on the detec-
tion of the constituent elements having the different com-
position ratios. Thus, it 1s possible to form the first third
cladding layer which has the less dispersion 1n the etching
depth. For this reason, it i1s possible to manufacture the




Us 7,382,814 B2

13

semiconductor laser device having the excellent emission
characteristics through the simple processes. In addition,
since the etching end position of the first third cladding layer
can be precisely detected, the material constitution of the
ctching end detecting layer can be made close to that of the
first third cladding layer, and the etching end detecting layer
can also be thuinned. For this reason, even when the etching
end detecting layer 1s left 1 the first semiconductor laser
structure, 1t 1s possible to suppress the reduction of the
oscillation efliciency due to the light absorption. In its turn,
it 1s possible to readily manufacture the high-efliciency and
high-output semiconductor laser diode having the excellent
emission characteristics through the simple processes.

Second Embodiment

FIG. 6 1s a cross-sectional view of a semiconductor laser
according to one embodiment of the present invention.

Also, FIG. 6 shows a monolithic multi-wavelength laser.
In the second embodiment, a description 1s given of a
monolithic two-wavelength LD by way example.

A monolithic two-wavelength LD 70 1s formed as below.
That 1s to say, the semiconductor laser 10 as the ridge
waveguide type LD having the emission wavelength of a
780 nm band for the CD device described in the first
embodiment, and a semiconductor laser 72 as a ridge
waveguide type LD having the emission wavelength of
about 650 nm for the DVD device are monolithically formed
on the same n-GaAs substrate 12.

In the monolithic two-wavelength LD 70, as previously
described 1n the first embodiment, a portion of the semicon-
ductor laser 10 1s obtained by forming the first LD structure
14 on the n-GaAs substrate 12.

A portion of the semiconductor laser 72 1s obtained as
below. That 1s to say, a second LD structure 74 having an
emission wavelength of a 650 nm band used as a second
semiconductor structure 1s formed on the same n-GaAs
substrate 12 adjacent to the first LD structure 14 formed on
the n-GaAs substrate 12 independently of the first LD
structure 14.

The second LD structure 74 includes a second n-type
cladding layer 76 used as a second first cladding layer, a
second active layer 78 used as a second active layer, and a
second p-type cladding layer 80 used as a second second
cladding layer which are successively formed on the n-GaAs
substrate 12. In this connection, for example, the second
n-type cladding layer 76 has a layer thickness of 3 um and
1s made of n-(Al, -Ga, 3)g 5;1n 4oP. The second active layer
78 has a layer thickness of 50 nm and includes a quantum
well layer which 1s made of (Al _Ga,_, ) In,_ P and which 1s
adjusted in emission wavelength to 650 nm. Also, the second
p-type cladding layer 80 has a layer thickness of 1.5 um and
1s made of p-(Al, -Ga, 5 )5 <1105 46P. Then, part of the second
p-type cladding layer 80 projects therefrom 1n a mesa
stripe-like shape to form a ridge waveguide 80a.

A p-electrode 82 1s formed on a surface of the ridge
waveguide 80aq.

Next, a method of manufacturing the semiconductor laser

70 will be described.

FIGS. 7, 8,9 and 10 are respectively cross sectional views
of the semiconductor laser in processes of a method of
manufacturing the semiconductor laser according to one
embodiment of the present invention.

Firstly, as shown in FIG. 3 of the first embodiment, the
n-(Al, -Ga; <), 5110, 4P layer as the first n-type cladding
layer, the first active layer 18 including the quantum well
layer made of In, Ga,_ As, the p-(Al, -Ga, <)y 510, 40P layer
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as the first p-type cladding layer 20, the p-(Al, ;Ga, 5), 54
In, ,oP layer as the signal layer 22, and the p-(Al, ;Ga, <), 5,
In, .oP layer for formation of the ridge waveguide 24 are
successively laminated on the n-GaAs substrate 12 through
the epitaxial growth by using the MOCVD method or the
MBE method.

Next, as shown in FIG. 7, in order to form the first
mesa-like lamination structure 62 of the semiconductor laser
10, a resist 1s applied to a surtace of the p-(Al, ;Ga, <), 5,
In, .oP layer. Then, a resist pattern 60 having the stripe-like
resist portion 1s formed on a portion, 1n which the first LD
substrate 14 1s to be formed, on the surface of the
p-(Al, <Ga, <), 5,10, 40P layer through the photolithography
process. Next, the dry etching 1s continuously performed
until the n-GaAs substrate 12 1s exposed with the resist
pattern 60 used as an etching mask, thereby forming the first
mesa-like lamination structure 62.

Next, as shown in FIG. 8, the resist pattern 60 left on the
surface of the first mesa-like lamination structure 62 1s
removed, and individual layers constituting the second LD
structure 74 are laminated.

That 1s to say, an n-(Al, -Ga, 3), <1105 40P layer as the
second n-type cladding layer 76, a second active layer 78
including a quantum well layer made of (Al Ga,_ ), In,_ P,
and a p-(Al,,Gaj 1), 5110, 2oP layer as a second p-type
cladding layer 80 are successively laminated on the n-GaAs
substrate 12m mcluding the first mesa-like lamination sub-
strate 62 through the epitaxial growth. This epitaxial growth
1s performed by using the MOCVD method or the MBE
method.

Thereafter, a resist 1s applied to the surface of the
p-(Al, -Ga, 1), 51104 46P layer as the second p-type cladding
layer 80. Then, a resist portion 82 having a stripe-like resist
portion 1s formed on a portion, in which the second LD
structure 74 1s to be formed, next to the first mesa-like
lamination structure 62 through the photolithography pro-
Cess.

Next, as shown 1n FIG. 9, the dry etching 1s continuously
performed until the p-(Al, <Ga, <)y 510, 40P layer for for-
mation of the ridge waveguide 24 of the first mesa-like
lamination structure 62 1s exposed with the resist pattern 82
used as an etching mask. As a result, a second mesa-like
lamination structure 84 used as a second semiconductor
lamination 1s formed. Then, the resist pattern 82 left on the
surtace of the second mesa-like lamination structure 84 1s
removed.

Next, as shown 1 FIG. 10, a resist 1s applied to the
n-GaAs substrate 12 including the first mesa-like lamination
substrate 62 and the second mesa-like lamination structure
84 again. Next, a resist pattern 86 1s formed through the
photolithography process. In this connection, a stripe-like
resist portion for formation of the ridge waveguide 24 on the
surface of the p-(Al, <Ga, <) <10, .oP layer used as the
uppermost layer of the first mesa-like lamination substrate
62, and a stripe-like resist portion for formation of the ridge
waveguide 80a on the surface of the second p-type cladding
layer 80 of the second mesa-like lamination structure 84 are
left 1n the resist pattern 86.

Next, the ndge waveguide 24 and the ridge waveguide
80a are formed by using the dry etching method 1n the same
process with the resist pattern 86 used as an etching mask.
The dry etching 1s continuously performed until 1t 1s clearly
observed that the signal layer 22 of the first mesa-like
lamination structure 62 is etched. At a time point when the
ctching of the signal layer 22 of the first mesa-like lamina-
tion structure 62 1s clearly observed, the dry etching 1s
stopped. That 1s to say, the dry etching for forming the ridge
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waveguide 80a 1s also stopped with the clear observation of
the etching of the signal layer 22 as a criterion. Thereaftter,
the resist pattern 86 1s removed, so that the p-electrode 26
and the p-electrode 82 are formed on the surface of the ridge
waveguide 24 and the surface of the ridge waveguide 80a,
respectively. Also, the n-electrode 28 1s formed on the back
surface of the n-GaAs substrate 12. Thus, the semiconductor
70 1s formed.

The method of stopping the dry etching with the clear
observation of the etching of the signal layer 22 as a criterion
1s the same as that described in the first embodiment.

In the second embodiment, the monolithic two-wave-
length LD has been described so far. However, more semi-
conductor laser structures are formed on the same substrate,
whereby 1t 1s possible to structure the monolithic multi-
wavelength LD which can emit more laser beams having
respective emission wavelengths.

The monolithic two-wavelength LD 70 in the second
embodiment includes the first LD structure 14 correspond-
ing to the semiconductor laser 10 as the ridge waveguide
type LD having the emission wavelength of a 780 nm band,
and the second LD structure 74 corresponding to the semi-
conductor laser 72 as the ndge waveguide type LD having
the emission wavelength of about 650 nm. Also, the first LD
structure includes the signal layer 22 for formation of the
ridge waveguide 24 of the first LD structure 14. However,
the second LD structure 74 includes neither of the ESL layer
for formation of the ridge waveguide 80a 1n the part of the
second p-type cladding layer 80 of the second LD structure
74, and the etching end detecting layer.

However, the ridge waveguide 80qa has the same material
constitution as that of the nndge waveguide 24 of the first LD
structure 14. Thus, the ridge waveguide 80a and the ridge
waveguide 24 are formed by using the dry etching in the
same process. The dry etching 1s precisely stopped based on
the clear observation of the etching of the signal layer 22 of
the first LD structure 14. For this reason, the etching depth
of the ridge waveguide 80a 1s precisely controlled, and the
ridge waveguide 80qa 1s precisely formed so as to have the
desired size.

Normally, 1n the monolithic two-wavelength LD, the high
elliciency promotion on the short wavelength side 1s diflicult
to attain in terms of the technique, and the high output
cannot be ensured 1 many cases. On the other hand, the
high-efliciency promotion on the long wavelength side 1s
relatively easy to attain. In the monolithic two-wavelength
LD 70, the second LD structure 74 on the short wavelength
side includes neither of the ESL layer and the etching end
detecting layer. Hence, since no light 1s absorbed by the ESL
layer and the etching end detecting layer, the reduction of the
oscillation efliciency 1s suppressed in the second LD struc-
ture 74 on the short wavelength side.

For this reason, the monolithic two-wavelength LD 70
can be structured as the high-efliciency and high-output
monolithic two-wavelength LD as a whole.

In addition, the etching for both the ndge waveguide 24
and the ndge waveguide 80a 1s precisely stopped based on
the signal layer 22 of the first LD structure 14. Hence, 1t 1s
possible to provide the monolithic two-wavelength LD
which has the high size precision 1n the ridge waveguide 24
and the ndge waveguide 80aq, which has the excellent
emission characteristics because it emits the laser beams
cach having the desired transverse spreading angle, and
which has the less dispersion 1n products.

In addition, the processes for forming both the ridge
waveguide 24 and the ridge waveguide 80q 1includes such a
simple process as to stop the etching based on the signal
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layer 22 of the first LD structure 14. As a result, 1t 1s possible
to manufacture the high-efliciency and high-output mono-
lithic two-wavelength LD which has the excellent emission
characteristics because 1t emits the laser beams each having
the desired transverse spreading angle and which has the less
dispersion 1n products.

As described above, the semiconductor laser device
according to the second embodiment comprises: a substrate
of a first conductivity type; a first semiconductor laser
structure located on the substrate comprising, a first first
cladding layer of the first conductivity type formed on said
substrate, a first active layer located on the first first cladding
layer, and including a quantum well layer, a first second
cladding layer of a second conductivity type located on the
first active layer, an etching end detecting layer of the second
conductivity type located on the first second cladding laver,
and having the same constituent elements as those of the first
second cladding layer, and a first third cladding layer of the
second conductivity type located on the etching end detect-
ing layer in a stripe mesa-like shape, having the same
constituent elements as those of the etching end detecting
layer, and having composition ratios of two constituent
clements 1n a complementary relation being different from
those composition ratios of the etching end detecting layer;
and a second semiconductor laser structure located on the
substrate independently of the first semiconductor laser
structure, the second semiconductor laser structure compris-
ing, a second first cladding layer of the first conductivity
type located on said substrate, a second active layer located
on the second first cladding layer, and including a quantum
well layer, and a second second cladding layer of the second
conductivity type located on the second active layer, having
the same material constitution as that of said first third
cladding layer, and having a part projected in a stripe
mesa-like shape.

With this structure, the semiconductor laser device
includes the first semiconductor laser structure having the
stripe mesa-like first third cladding layer which 1s precisely
formed, and the second semiconductor laser structure having
no etching end detecting layer, but having the second second
cladding layer with the part of which projects 1n the precise
stripe mesa-like shape.

Hence, the respective semiconductor laser structures emit
the laser beams each having the desired transverse spreading
angle, thereby showing the excellent emission characteris-
tics. Also, the second semiconductor laser structure includes
no etching end detecting layer. As a result, it 1s possible to
structure the monolithic multi-wavelength semiconductor
laser device which has the high-efliciency and high-output
as a whole, and which has the less dispersion in products.

In addition, the method of manufacturing the semicon-
ductor laser device according to the second embodiment
includes: forming successively on a substrate of a first
conductivity type, a first first cladding layer of the first
conductivity type, a first active layer including a quantum
well layer, a first second cladding layer of a second con-
ductivity type, an etching end detecting layer of the second
conductivity type having the same constituent elements as
those of the first second cladding layer, and a first third
cladding layer of the second conductivity type having the
same constituent elements as those of the etching end
detecting layer, and having composition ratios of two con-
stituent elements 1n a complementary relation being different
from those composition ratios of the etching end detecting
layer; applying a resist on a surface of the first third cladding
layer, forming a resist pattern having the stripe-like resist
portion on a part of the surface of the first third cladding
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layer to be leit as a first semiconductor laser lamination,
ctching with the resist pattern used as an etching mask until
said substrate 1s exposed, and removing the resist pattern to
form the first semiconductor laser lamination; forming suc-
cessively on the exposed substrate, a second first cladding
layer of the first conductivity type, a second active layer
including a quantum well layer, and a second second clad-
ding layer of the second conductivity type having the same
material constitution as that of the first third cladding layer;
applying a resist on a surface of the second second cladding
layer, forming a resist pattern having a resist portion on a
part of the surface of the second second cladding layer to be
left as a second semiconductor laser lamination adjacent to
said first semiconductor laser lamination, etching with the
resist pattern used as an etching mask to form the second
semiconductor laser lamination until the first third cladding
layer of the first laser lamination 1s exposed, and removing
the resist pattern left on the surface of said second semi-
conductor laser lamination; and forming a resist pattern
having the stripe-like resist portions corresponding to ridge
waveguides to be formed on the surfaces of the first and
second semiconductor laser laminations, and etching the
first and second semiconductor laser laminations with the
resist pattern used as an etching mask through the same
process to form the respective ridge waveguides until a
difference 1s detected 1n mtensity of an emission spectrum of
a constituent element with which composition ratios in the
first third cladding layer and the etching end detecting layer

ot the first semiconductor laser lamination are different trom
each other.

Hence, the etching for the first third cladding layer of the
first semiconductor laser lamination, and the etching for the
second second cladding layer of the second semiconductor
laser lamination can be performed through the same process.
Also, the etching depths of the first third cladding layer and
the second second cladding layer can be precisely controlled
through such a simple process as to precisely stop the
etching for the first third cladding layer and the etching for
the second second cladding layer based on the etching end
detecting layer of the first semiconductor laser lamination.
As a result, the respective semiconductor laser structures
emit the laser beams each having the desired transverse
spreading angle, thereby showing the excellent emission
characteristics. Also, the semiconductor laser structure
includes no etching end detecting layer. As a result, it 1s
possible to manufacture the monolithic multi-wavelength
semiconductor laser diode which has the high-efliciency and
high-output as a whole, and which has the less dispersion in
products, through a simple process as above.

It should be noted that while 1n the second embodiment,
the description has been given of the example 1n which the
signal layer 1s provided 1n the long-wavelength side semi-
conductor laser, the present invention 1s not limited thereto.
That 1s to say, the signal layer may also be provided 1n the
short- wavelength side semiconductor laser.

As set forth hereinabove, the semiconductor laser device

according to the present invention is suitable for semicon-
ductor laser devices for use 1n the information electronic

apparatuses.

While the presently preferred embodiments of the present
invention have been shown and described. It i1s to be
understood these disclosures are for the purpose of illustra-
tion and that various changes and modifications may be
made without departing from the scope of the mvention as
set forth in the appended claims.
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What 1s claimed 1s:
1. A semiconductor laser device comprising;:
a substrate of a first conductivity type;

a first semiconductor laser structure located on said sub-

strate and comprising

a first first cladding layer of the first conductivity type
on said substrate,

a first active layer located on the first first cladding
layer, and including a quantum well layer,

a first second cladding layer of a second conductivity
type located on the first active layer,

an etching end detecting layer of the second conduc-
tivity type located on the first second cladding layer,
and having the same constituent elements as those of
the first second cladding layer, and

a first third cladding layer of the second conductivity
type, having a stripe mesa-like shape, located on the
etching end detecting layer, having the same con-
stituent elements as those of the etching end detect-
ing layer, and having composition ratios of two
constituent elements 1 a complementary relation,
different from those composition ratios of the etching
end detecting layer; and

a second semiconductor laser structure located on said

substrate independently of said first semiconductor
laser structure, the second semiconductor laser struc-
ture comprising

a second first cladding layer of the first conductivity
type located on said substrate,

a second active layer located on the second first
cladding layer, and including a quantum well
layer, and

a second second cladding layer of the second con-
ductivity type located on the second active layer,
having the same material constitution as that of
said first third cladding layer, and having a part
projecting in a stripe mesa-like shape.

2. The semiconductor laser device according to claim 1,
wherein said first third cladding layer 1s (Al ,Ga,_,)),,
In, . P, and said etching end detecting layer 1s (Al ,Ga l—x2) ,
In,_,,Phaving a larger Ga composition ratio than that of sald
ﬁrst third cladding layer.

3. The semiconductor laser diode according to claim 2,
wherein said first active layer includes a quantum well layer
of In Ga,_ As.

4. A method of manufacturing a
device including:

forming successively on a substrate of a first conductivity
type, a first first cladding layer of the first conductivity
type, a first active layer including a quantum well layer,
a first second cladding layer of a second conductivity
type, an etching end detecting layer of the second
conductivity type and having the same constituent
clements as those of the first second cladding layer, and
a first third cladding layer of the second conductivity
type, having the same constituent elements as those of
the etching end detecting layer and having composition
ratios of two constituent elements 1n a complementary
relation that are diflerent from those composition ratios
of the etching end detecting layer;

applying a resist on a surface of the first third cladding
layer, forming a first resist pattern having a stripe-like
resist portion on a part of the surface of said first third
cladding layer to be left as a first semiconductor laser
lamination, etching, using the first resist pattern as an
etching mask until said substrate 1s exposed, and

semiconductor laser




Us 7,382,814 B2

19

removing the first resist pattern to form said first
semiconductor laser lamination; and

forming a second resist pattern having a stripe-like resist

portion corresponding to a ridge waveguide on a sur-

ductor laser lamination;

forming successively on said exposed substrate, a second

first cladding layer of the first conductivity type, a

20

second active layer including a quantum well layer, and
a second second cladding layer of the second conduc-

tivity type having the same material constitution as that
of the first third cladding layer;

face of said first semiconductor laser lamination, and 5 applying a resist on a surface of the second second
etching said first semiconductor laser lamination, using cladding layer, forming a second resist pattern having
the second resist pattern as an etching mask to form the 9 resist ‘

. . . . _ LOT. portion on a part of the surface of the second
ridge waveguide until a difference 1s detected 1n 1nten- second cladding layer to be left as a second semicon-
sity of an emission spectrum of a constituent element ductor laser lamination adjacent to said first semicon-
}‘Vith Whjgl}[lf‘?’ﬂ"ip‘ffiﬁ‘m r ;‘ti;i in;he 1}1” st thil? CI?SCEH% 10 ductor laser lamination, etching, using the second resist
ayer and the clching end detectung, fayer ol said 1rs pattern as an etching mask to form said second semi-
semiconductor laser lamination are different from each conductor laser lamination until the first third cladding
other. | | layer ‘F’f said first laselj lamination 1s exposed, and

5. A method of manufacturing a semiconductor laser removing the second resist pattern left on the surface of

device 1ncluding: 15 sald second semiconductor laser lamination; and

forming successively on a substrate of a first Conduct%v%ty forming a third resist pattern having stripe-like resist
type, a first first cladding layer of the first conductivity portions corresponding to ridge waveguides to be
type, a first active layer including a quantum well layer, formed on the surfaces of said first and second semi-
a first seconc}ll.cladduzlg cllayer of alsecondfcolilductwltz conductor laser laminations, and etching said first and
type& a? ett;: g}g = i le;teqtlngthayer ol the St‘:’nfont 20 second semiconductor laser laminations, using the third
CONCUCLIvL pe and ndvillg Hhe sdlle COLSHIUCN resist pattern as an etching mask to form the respective
clements as those of the first second cladding layer, and ridge pw aveguides until ga difference is detecied ‘N
a first thj‘rd cladding layer (:)f the second conductivity intensity of an emission spec_trum of a constituent
gpeﬂt h}?}”ﬂg tged S?mff coilstlmentdeéements 45 thos,f, of N element with which composition ratios in the first third

¢ etching end detecting layer, and having composition - : :
ratios of t%vo Constituen% elﬁments n a cfmpleﬁlentary clacding layer and the etching end detecting Jayer of
_ ) _ said first semiconductor laser lamination are different

relation that are diflerent from those composition ratios from each other
of the etching end detecting layer; 6 Th hod f‘ factur onductor |

applying a resist on a surface of the first third cladding 4 d © m; 0 01 1}1:511];1 ail Hils & .Zeglrlwlﬁ. lcllc ?r d;ser
layer, forming a first resist pattern having a stripe-like 30 | 10 e_acf;f gg toc allm ";}' el(;lemizalt h.Stt lrd; f? t}llg
resist portion on a part of the surface of said first third layer . ( A]Ié} al-xl)yi nl-y%) " aclllh >l le - 111(% Hha e ec:t%ng
cladding layer to be left as a first semiconductor laser DA lli( -'il al'f?)y? dnili_yz in q als 2 dtarge]r 2 COTHPOSTHOT
lamination, etching, using the first resist pattern as an ratio than that ol said first thir _C AQCiig fﬂyer.
ctching mask until said substrate 1s exposed, and {first _7* A methpd of m:e;nufacturmgi a S?mICOIldlle[OI' laser
removing the resist pattern to form said first semicon- 35 diode according to claim 6, wherein said first active layer

includes a quantum well layer of In Ga,_ As.
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